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(57) ABSTRACT 

A generation method of a light intensity distribution uses a 
?rst light modulation element and a second light modulation 
element Which are arranged to be apart from each other by 
a distance D and face each other in parallel to optically 
modulate a light beam Which enters the light modulation 
elements, thereby generating a light intensity distribution on 
a target surface. The ?rst light modulation element has a 
pattern formed by repeating a basic unit having a pitch P. 
The distance D is set to a distance With Which the light 
intensity distribution generated on the predetermined sur 
face is not changed even if a relative position of the ?rst light 
modulation element and the second light modulation ele 
ment is shifted in a plane direction. 
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GENERATION METHOD OF LIGHT INTENSITY 
DISTRIBUTION, GENERATION APPARATUS OF 
LIGHT INTENSITY DISTRIBUTION, AND LIGHT 

MODULATION ELEMENT ASSEMBLY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from prior Japanese Patent Application 
No. 2005-031188, ?led Feb. 8, 2005, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a generation 
method of a light intensity distribution, a generation appa 
ratus of a light intensity distribution and a light modulation 
element assembly; for example, the present invention relates 
to measurement of a light intensity distribution of light 
applied to a predetermined ?at surface or plane in a light 
intensity distribution generation apparatus used in a crys 
talliZation apparatus. 

[0004] 2. Description of the Related Art 

[0005] In recent years, there has been developed a tech 
nology Which uses a laser beam to perform a Wide variety of 
processing such as free-form curve cutting, boring, Welding, 
surface ?nishing, microfabrication or the like With respect to 
various kinds of materials such as iron, non-ferrous metals, 
ceramics, plastics, Wood, fabrics, paper, and composite 
materials. For example, surface ?shing processing is pro 
cessing Which irradiates a surface of a material With a laser 
beam having a relatively loW energy density to heat a surface 
part only, thereby reforming the heated part. In this surface 
?nishing processing, there are cases Where the surface part 
is processed in a solid state and Where the surface part is 
fused to be processed. 

[0006] In a display device such as an active matrix type 
liquid crystal display device or an organic electrolumines 
cent display device, many thin ?lm transistors [TFTs] are 
formed on an insulating substrate such as glass or plastic in 
order to individually drive pixels for display. An amorphous 
silicon (a-Si) ?lm in Which source, drain and channel regions 
of a TFT has a loW formation temperature, can be relatively 
easily formed by a gas phase method and is superior in mass 
productivity. Therefore, this ?lm is generally used as a 
semiconductor ?lm utiliZed for the TFT. 

[0007] Such an amorphous silicon ?lm has a draWback 
that its physical properties, e.g., electrical conductivity, are 
inferior to those of a poly-silicon (p-Si) ?lm (the mobility of 
a-Si is tWo or more digits loWer than that of p-Si). Therefore, 
in order to increase an operating speed of the TFT, there is 
used a technology Which forms an a-Si ?lm, changes this 
a-Si ?lm into a p-Si ?lm and forms source, drain and channel 
regions of the TFT in this polycrystal silicon ?lm, e.g., an 
annealing method (Excimer Laser Annealing; Which Will be 
referred to as an “ELA method” hereinafter) using an 
excimer laser. Since this ELA method can be carried out in 
a temperature range Where a general-purpose glass substrate 
can be used, i.e., a temperature range from a room tempera 
ture to approximately 500° C., it has the advantage that the 
material of the substrate is not restricted. 
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[0008] The ELA method is, e.g., a crystalliZation method 
Which deposits an a-Si ?lm on a substrate to provide a 
predetermined thickness (e.g., a thickness of approximately 
50 nm), and then irradiates this a-Si ?lm With a laser beam 
such as a krypton ?uorine (KrF) excimer laser beam having 
a Wavelength of 248 nm or a xenon chlorine @(eCl) excimer 
laser beam having a Wavelength of 308 nm to locally 
fuse/recrystalliZe the a-Si ?lm in an irradiated region, 
Whereby the a-Si ?lm is changed into a p-Si ?lm. 

[0009] The ELA method can be adapted to any other 
various processes by appropriately selecting an average 
intensity (a ?uence) of a laser beam. For example, When a 
laser beam is set to an intensity With Which a heating 
function alone is demonstrated, the ELA method can be used 
for an impurity activation step of a TFT. Further, When the 
intensity of a laser beam is set to be extremely large, a 
sudden increase in temperature is provoked, and hence the 
ELA method can be also utiliZed for removal of a ?lm in the 
TFT. Furthermore, utiliZation of these phenomena is not 
restricted to the TFT and can be extensively adapted to a 
semiconductor manufacturing process. 

[0010] In a display device such as a liquid crystal display 
device or an organic electroluminescent display device, 
When a TFT is formed in a p-Si ?lm in order to increase 
operating speed, crystal grain boundaries of the p-Si ?lm 
exist in a channel region of the TFT. In this case, the number 
of the crystal grain boundaries formed in the channel region 
differs in accordance With each TFT, and hence this differ 
ence in the number of the crystal grain boundaries consid 
erably increases irregularities in characteristics such as 
threshold voltage or a mobility of each TFT. Such irregu 
larities in threshold value in each TFT greatly loWer oper 
ating characteristics of the entire display device, Which can 
be a factor deteriorating a picture quality or the like. 

[0011] Therefore, there has been a demand for equalizing 
the number of crystal grain boundaries in a channel region 
of each TFT as much as possible or eliminating crystal grain 
boundaries from the channel region of each TFT thus it is 
desired to form a crystalliZed region having a large particle 
or grain diameter and controlling a crystalliZed region 
forming position so that the TFT can be formed in the 
crystalliZed region. The present inventors have carried out 
development With respect to such a demand, Whereby a 
crystalliZed region having a large particle diameter can be 
manufactured by using a light modulation element (see Jpn. 
Pat. Appln. KOKAI Publication No. 2004-186449 and Jpn. 
Pat. Appln. KOKAI Publication No. 2004-193229). 

[0012] Jpn. Pat. Appln. KOKAI Publication No. 2004 
186449 reveals that, in development of industrialization of 
this technology, evaluation and management of a light 
intensity distribution of a laser beam Which is applied to an 
a-Si ?lm as a crystallization processing target body in an 
accuracy of submicron order are very important in an 
increase in grain diameter and positional control of a crys 
talliZed region. Especially, in a mass production line, peri 
odical monitoring of a light intensity distribution is impor 
tant in order to use a laser beam source Which relatively has 
a problem in output stability. HoWever, since the light 
intensity distribution has a ?ne structure of a submicron 
level and an excimer laser beam preferable for crystalliZa 
tion is invisible, there is a problem that monitoring With the 
naked eye of an operator is dif?cult. 
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[0013] Therefore, the present inventors have carried out 
development for visualiZation of a light intensity distribution 
to obtain an apparatus having a con?guration in Which an 
original light modulation element and another light modu 
lation element called a visualiZation mask are provided in a 
laser beam path of a crystallization apparatus. The apparatus 
irradiates an a-Si ?lm With a laser beam to perform crystal 
liZation With a large particle diameter. The a-Si ?lm is 
irradiated With a light-modulated laser beam through these 
tWo light modulation elements, thereby realiZing visualiZa 
tion. This visualiZation apparatus fuses an irradiation target 
surface of an a-Si ?lm by application of a laser beam. A 
fused region is crystalliZed in a temperature reducing pro 
cess When the laser beam is interrupted. Physical properties 
of the thus formed crystalliZed region are changed. Amethod 
of utiliZing this change in physical properties to visualiZe a 
light intensity distribution has been developed. The present 
inventors have released an optical system as means for 
accurately measuring a light intensity distribution in an 
internal academic conference (IDW’04, Proceedings of the 
Eleventh International Display Workshops). 

[0014] In general, as a method of generating a predeter 
mined light intensity distribution, there are methods of 
aligning an element pattern Which modulates an optical 
amplitude, an element pattern Which modulates an optical 
phase, and an element pattern Which modulates both an 
optical amplitude and an optical phase While changing a 
modulation quantity. Here, reducing a siZe of the element 
pattern to be smaller than a point spread range of an image 
forming optical system can remove a shape of the element 
pattern from a light intensity distribution to be generated, 
thereby realiZing a smooth distribution. That is, just per 
forming binary processing of the light modulation element 
can generate a light intensity distribution having a prede 
termined gradation. 

[0015] Here, as shoWn in FIGS. 19A and 19B, a consid 
eration Will noW be given on a light intensity distribution 
Which is generated When tWo light modulation elements (a 
?rst light modulation element [FIG. 19A] and a second light 
modulation element [FIG. 19B]) having one-dimensional 
patterns orthogonal to each other are superimposed Without 
a gap therebetWeen. Even if a relative position of the tWo 
light modulation elements is shifted, since an overlap pattern 
itself is not changed as shoWn in FIG. 19C, a light intensity 
distribution to be generated is laterally shifted as a Whole but 
not changed. On the other hand, as shoWn in FIGS. 20A and 
20B, Where both light modulation elements have tWo-di 
mensional patterns or at least one of the tWo light modula 
tion elements has a two-dimensional pattern although not 
shoWn, shifting of a relative position of the tWo light 
modulation elements changes an overlap pattern as shoWn in 
FIGS. 20C and 20D and also varies a light intensity 
distribution to be generated. 

[0016] For example, it is assumed that the ?rst and the 
second light modulation elements shoWn in FIGS. 20A and 
20B are an optical amplitude type light modulation element 
and a hatched part in the ?gures indicates a light shielding 
region Whilst a blank part indicates a transmission region. In 
this case, the transmission region does not exist in an overlap 
pattern in a FIG. 20C state Where the tWo light modulation 
elements are superimposed. In the other hand, relatively 
large openings (the transmission regions) are generated in 
the overlap pattern by half-pitch shifting of an element 
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pattern in a FIG. 20D state Where the tWo light modulation 
elements are superimposed. In these tWo different superim 
posed states, it can be expected that light intensity distribu 
tions to be generated are also greatly different from each 
other. 

[0017] Moreover, When a relative angle (a rotating angle 
around an axial line vertical to a page space of FIGS. 20A 
and 20B) of the ?rst and second light modulation elements 
is changed, the overlap pattern differs depending on each 
position. Thus results in a change, i.e., irregularities in the 
light intensity distribution to be generated depending on 
each position. Additionally, if a pitch of the element pattern 
is slightly different betWeen the ?rst and second light modu 
lation elements, irregularities With a large cycle are gener 
ated in a light intensity distribution to be generated. Further, 
even if each of the ?rst and second light modulation ele 
ments is an optical phase type light modulation element, and 
even if one of the light modulation elements is an optical 
amplitude type light modulation element and the other one 
is an optical phase type light modulation element, a change 
or irregularities are likeWise generated in the light intensity 
distribution. It has been revealed that such a change or 
irregularities in light intensity distribution are apt to be 
produced When an area modulation type phase shifter Which 
can be readily designed as a light modulation pattern is used. 

[0018] Furthermore, although the element patterns are the 
same in a plane in FIGS. 20A and 20B, When the element 
patterns vary in a plane, it can be understood from consid 
erations that the light intensity distribution to be generated 
is changed in accordance With relative displacement or the 
like of the tWo light modulation elements. In this speci?ca 
tion, a phenomenon that irregularities or a change is gener 
ated in a light intensity distribution to be produced in 
accordance With relative displacement or the like of the tWo 
light modulation elements in this manner is called the 
“Moire effect”. In the measuring method and the measuring 
apparatus of a light intensity distribution proposed in the 
above-described patent application, a desired tWo-dimen 
sional light intensity distribution cannot be generated due to 
an in?uence of the Moire effect caused by relative displace 
ment or the like of tWo light modulation elements, and a light 
intensity distribution formed by a measurement target light 
modulation element alone cannot be accurately measured. 

BRIEF SUMMARY OF THE INVENTION 

[0019] It is an object of the present invention to rapidly 
and accurately measure a light intensity distribution formed 
on a predetermined ?at surface based on a single application 
of light and an evaluation of a change in physical properties 
Without being substantially affected by a moire phenomenon 
due to relative displacement or the like of tWo light modu 
lation elements. 

[0020] According to a ?rst aspect of the present invention, 
there is provided a generation method of a light intensity 
distribution, Which uses a ?rst light modulation element and 
a second light modulation element Which are arranged to be 
apart from each other by a distance D and face each other in 
parallel to optically modulate a light beam Which enters the 
light modulation elements, thereby generating a light inten 
sity distribution on a target surface, 

[0021] Wherein the ?rst light modulation element has a 
pattern formed by repeating a basic unit having a pitch P, and 
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[0022] the distance D is set to a distance With Which the 
light intensity distribution generated on the predetermined 
surface is not changed even if a relative position of the ?rst 
light modulation element and the second light modulation 
element is shifted in a plane direction is provided. 

[0023] According to a preferred embodiment of the 
present invention, there may be provided a generation appa 
ratus of a light intensity distribution, comprising a plurality 
of light modulation elements to modulate a light beam Which 
enters the light modulation elements, thereby generating a 
light intensity distribution on a target surface, the pair of 
light modulation elements including a ?rst light modulation 
element and a second light modulation element Which are 
arranged to be apart from each other by a distance D and face 
each other in parallel, 

[0024] Wherein the ?rst light modulation element has a 
pattern formed by repeating a basic unit having a pitch P, and 

[0025] the distance D is set to a distance With Which a light 
intensity distribution generated on the target surface is not 
changed even if a relative position of the ?rst light modu 
lation element and the second light modulation element is 
shifted in a plane direction is provided. 

[0026] According to the preferred embodiment, the dis 
tance D may satisfy the folloWing condition: 

Where 7» is a Wavelength of the light beam, and n is an integer 
equal to or above 0 (0, l, 2, 3 . . . ) is provided. 

[0027] According to the preferred embodiment, the dis 
tance D may satisfy the folloWing condition: 

Where 6 is a maximum value of an incidence angle of the 
light beam along a pitch direction With respect to the ?rst 
light modulation element, and m is an integer equal to or 
above 1 (l, 2, 3 . . . ) is provided. 

[0028] According to the preferred embodiment, the device 
may further comprise an image forming optical system 
Which image-forms the light beam from the ?rst light 
modulation element and the second light modulation ele 
ment on the target surface is provided. 

[0029] According to the preferred embodiment, the pitch 
P of the basic unit of the ?rst light modulation element may 
be smaller than a point spread range of the image forming 
optical system is provided. 

[0030] According to the preferred embodiment, the second 
light modulation element preferably has a pattern formed by 
repeating a basic unit having a pitch is provided. 

[0031] According to the preferred embodiment, the pitch 
of the basic unit of the second light modulation element may 
be smaller than the point spread range of the image forming 
optical system is provided. 

[0032] According to the preferred embodiment, the device 
may further comprise a member Which supports a physical 
property changing member of Which one surface is set to the 
target surface and Whose physical properties change in 
accordance With an intensity of incident light, 
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[0033] Wherein the light intensity distribution as a com 
bined light intensity distribution of a ?rst light intensity 
distribution Which is formed on the target surface by the ?rst 
light modulation element and one-dimensionally changes 
along directions orthogonal to each other and a second light 
intensity distribution formed on the target surface by the 
second light modulation element is formed on the physical 
property changing member, and the ?rst light intensity 
distribution or the second light intensity distribution is 
measured based on tWo-dimensional information of a 
change in physical properties of the physical property 
changing member is provided. 

[0034] According to the preferred embodiment, the physi 
cal property changing member may be an amorphous silicon 
?lm is provided. 

[0035] According to the preferred embodiment, a bound 
ary betWeen a region Which has changed from the amor 
phous silicon ?lm into a polycrystal silicon ?lm and a region 
Which has remained as the amorphous silicon ?lm on the 
physical property changing member may be imaged, and the 
?rst light intensity distribution or the second light intensity 
distribution may be measured based on information of the 
imaged boundary. 
[0036] According to the preferred embodiment, the device 
may further comprise: a processing target body of Which one 
surface is set to the target surface and has a non-single 
crystal semiconductor ?lm; and a supporting member for 
supporting the processing target body, 
[0037] Wherein the non-single-crystal semiconductor ?lm 
is irradiated With the combined light intensity distribution of 
the ?rst light intensity distribution and the second light 
intensity distribution, thereby crystalliZing the non-single 
crystal semiconductor ?lm is provided. 

[0038] According to a further preferred embodiment, there 
may be provided a light modulation element unit comprising 
a ?rst light modulation element and a second light modu 
lation element Which are arranged to be apart from each 
other by a distance D and face each other in parallel, 

[0039] Wherein the ?rst light modulation element has a 
pattern formed by repeating a basic unit having a pitch P, and 

the distance D satis?es the folloWing condition: 

Where 7» is a Wavelength of light, and n is an integer equal 
to or above 0 (0, l, 2, 3 . . . ) is provided. 

[0041] According to a still further preferred embodiment, 
there may be provided a light modulation element assembly 
comprising a ?rst light modulation element and a second 
light modulation element Which are arranged to be apart 
from each other by a distance D and face each other in 
parallel, 
[0042] Wherein the ?rst light modulation element has a 
pattern formed by repeating a basic unit having a predeter 
mined pitch P, and 

the distance D satis?es the folloWing condition: 

Where 6 is a maximum value of an incidence angle of light 
along a pitch direction With respect to the ?rst light modu 
lation element, and m is an integer equal to or above 1 (l, 
2, 3 . . . ) is provided. 
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[0044] In the present embodiment, the interval betWeen 
the ?rst and second light modulation elements may be set to 
substantially satisfy predetermined conditions in order to 
substantially uniform both amplitude and phase of the light 
distribution generated on the modulation surface of the 
second light modulation element by the ?rst light modula 
tion element. As a result, the light intensity distribution 
formed on a predetermined ?at surface can be rapidly and 
accurately measured based on a single application of light 
and evaluation of the change in physical properties Without 
being substantially affected by the Moire effect due to 
relative displacement or the like of the tWo light modulation 
elements. 

[0045] Additional objects and advantages of the invention 
Will be set forth in the description Which folloWs, and in part 
Will be obvious from the description, or may be learned by 
practice of the invention. The objects and advantages of the 
invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out 
hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0046] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
embodiments of the invention, and together With the general 
description given above and the detailed description of the 
embodiments given beloW, serve to explain the principles of 
the invention. 

[0047] FIG. 1 is a vieW schematically shoWing a con?gu 
ration of a crystallization apparatus in order to explain a 
generation method of a light intensity distribution according 
to an embodiment of the present invention; 

[0048] FIG. 2 is a vieW schematically shoWing an internal 
con?guration of an illumination system of the crystallization 
apparatus depicted in FIG. 1; 

[0049] FIG. 3A is a vieW shoWing a con?guration of a 
phase pattern of a light modulation element of the crystal 
lization apparatus depicted in FIG. 1, and FIG. 3B is a vieW 
schematically shoWing a light intensity distribution formed 
on a processing target substrate by the crystallization appa 
ratus using a light modulation element depicted in FIG. 3A; 

[0050] FIG. 4 is a vieW schematically shoWing an appa 
ratus Which carries out a measurement method concerning a 
generation method of a light intensity distribution according 
to an embodiment of the present invention; 

[0051] FIG. 5A is a vieW shoWing a con?guration of a 
pattern of a visualization mask of the apparatus depicted in 
FIG. 4, and FIG. 5B is a vieW schematically soWing a light 
intensity distribution formed on a sample substrate by using 
the visualization mask depicted in FIG. 5A; 

[0052] FIGS. 6A to 6C are vieWs shoWing hoW a com 
bined light intensity distribution is formed on a surface of 
the sample substrate by the light modulation element and the 
visualization mask in the apparatus depicted in FIG. 4; 

[0053] FIGS. 7A and 7B are vieWs illustrating a basic 
concept Which eliminates occurrence of a moire effect due to 
relative displacement of a ?rst light modulation element and 
a second light modulation element; 

[0054] FIGS. 8A to 8D are vieWs illustrating a calculation 
of a moire effect and a Moire map obtained by the calcu 

lation; 
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[0055] FIGS. 9A and 9B are vieWs schematically shoW 
ing con?gurations of basic units of the ?rst and second light 
modulation elements in a numerical example; 

[0056] FIG. 10 is a vieW shoWing a relationship betWeen 
an interval (um) betWeen the ?rst and second light modu 
lation elements and a light intensity distribution of the Moire 
map in the numerical example; 

[0057] FIG. 11 is a vieW schematically shoWing a light 
intensity generated When one parallel light ?ux enters one 
basic unit of the ?rst light modulation element formed of a 
pattern in Which the same basic unit is endlessly repeated; 

[0058] FIG. 12 is a vieW obtained by adding an effect of 
a Fourier image in FIG. 10 shoWing the relationship 
betWeen the interval betWeen the ?rst and second light 
modulation elements and the light intensity distribution of 
the Moire map; 

[0059] FIGS. 13A and 13B are vieWs illustrating basic 
points of a shift effect by illumination light ?ux; 

[0060] FIG. 14 is a vieW obtained by adding a shift effect 
by illumination light ?ux in FIG. 10 shoWing the relation 
ship betWeen the interval betWeen the ?rst and second light 
modulation elements and the light intensity distribution of 
the Moire map; 

[0061] FIG. 15A is a vieW shoWing an assembly or a unit 
in Which phase modulating portions of a light modulation 
element are positioned betWeen light shielding portions of a 
visualization mask so that the light modulation element is 
appressed against the visualization mask as a ?rst compara 
tive example, and FIG. 15B is a vieW shoWing in contour a 
light intensity distribution obtained on a sample substrate by 
using this assembly; 

[0062] FIG. 16A is a vieW shoWing an assembly in Which 
light shielding portions of a visualization mask are super 
imposed on phase modulating portions of a light modulation 
element so that the light modulation element is appressed 
against the visualization mask as a second comparative 
example, and FIG. 16B is a vieW shoWing in contour a light 
intensity distribution obtained on a sample substrate by 
using this assembly; 

[0063] FIG. 17 is a vieW shoWing in contour a light 
intensity distribution obtained on a sample substrate When 
an interval betWeen a light modulation element and a 
visualization mask is set to a predetermined value in an 
embodiment according to the present invention; 

[0064] FIGS. 18A to 18E are process cross-sectional 
vieWs shoWing steps of manufacturing an electronic device 
by using a crystallization apparatus Which carries out the 
generation method of a light intensity distribution according 
to this embodiment; 

[0065] FIGS. 19A and 19B are vieWs shoWing light 
modulation elements having different one-dimensional pat 
terns, and FIG. 19C is a vieW shoWing a pattern obtained by 
superimposing these patterns; and 

[0066] FIGS. 20A and 20B are vieWs shoWing light 
modulation elements having different tWo-dimensional pat 
terns, and FIGS. 20C and 20D are vieWs shoWing patterns 
obtained by superimposing these patterns in different states. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0067] An embodiment in Which a generation method of a 
light intensity distribution according to the present invention 
is applied to a crystallization apparatus Will noW be 
described With reference to the accompanying draWings. 
FIG. 1 is a vieW schematically shoWing a con?guration of 
crystallization by a crystallization apparatus. Further, FIG. 
2 is a vieW schematically shoWing an internal con?guration 
of an illumination system of the crystallization apparatus 
depicted in FIG. 1. Referring to FIGS. 1 and 2, a crystal 
lization con?guration of the crystallization apparatus 
includes: a light modulation element 1 Which modulates a 
phase of an incident light beam to form a light beam having 
a light intensity distribution Which varies along one direc 
tion, and is formed of a phase shifter; an illumination system 
2 Which emits a light beam or a laser beam Which illuminates 
the light modulation element 1; an image forming optical 
system 3; and a substrate stage 5 Which holds a processing 
target substrate 4. 

[0068] A con?guration and a function of the light modu 
lation element 1 Will be described later. As shoWn in FIG. 
2, the illumination system 2 is provided With an XeCl 
excimer laser beam source as a light source 211 Which 
supplies a laser beam having a crystallization energy, e.g., 
light having a Wavelength of 308 nm. As this light source 2a, 
it is possible to use any other appropriate laser beam source 
like a KrF excimer laser beam source having performance of 
emitting an energy light beam Which fuses a crystallization 
processing target body. The laser beam emitted from the 
light source 211 is subjected to diameter expansion by a beam 
expander 2b and then enters a ?rst ?y-eye lens 20. 

[0069] As a result, a plurality of small light sources are 
formed on a rear focal plane of the ?rst ?y-eye lens 20, and 
light ?uxes or beamlets from these small light sources 
illuminate an incidence surface of a second ?y-eye lens 2e 
in an overlapping manner through a ?rst condenser optical 
system 2d. As a result, more small light sources are formed 
on a rear focal plane of the second ?y-eye lens 2e than those 
on the rear focal plane of the ?rst ?y-eye lens 20. Light 
?uxes from the small light sources formed on the rear focal 
plane of the second ?y-eye lens 2e illuminate the light 
modulation element 1 in an overlapping manner through a 
second condenser optical system 2]. 

[0070] The ?rst ?y-eye lens 20 and the ?rst condenser 
optical system 2d constitute a ?rst homogenizer. This ?rst 
homogenizer homogenizes the laser beam emitted from the 
light source 211 in relation to an incidence angle on the light 
modulation element 1. Further, the second ?y-eye lens 2e 
and the second condenser optical system 2f constitute a 
second homogenizer. This second homogenizer homog 
enizes the laser beam Whose incidence angle has been 
homogenized by the ?rst homogenizer in relation to a light 
intensity at each in-plane position on the optical modulation 
element 1. 

[0071] In this manner, the illumination system 2 irradiates 
the light modulation element 1 With the laser beam having 
a light intensity distribution of a substantially homogeneous 
light intensity. The laser beam subjected to phase modula 
tion by the light modulation element 1 enters the processing 
target substrate 4 through the image forming optical system 
3 having a reducing magni?cation of, e.g., 1/s. Here, the 
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image forming optical system 3 provided in a transmission 
optical path of the light modulation element 1 has a modu 
lation surface of the light modulation element 1 and the 
processing target substrate 4 arranged in an optically con 
jugate manner. In other Words, the processing target sub 
strate 4 Which is provided in the transmission optical path of 
the image forming optical system 3 and subjected to crys 
tallization processing is set to a surface Which is optically 
conjugate With the modulation surface of the optical modu 
lation element 1 (an image surface of the image forming 
optical system 3). 

[0072] As shoWn in FIG. 1, the image forming optical 
system 3 includes an aperture stop 30 betWeen a positive lens 
assembly 311 and a positive lens assembly 3b. A size of an 
aperture portion (a light transmitting portion) of the aperture 
stop 30 (i.e., an image side numerical aperture NA of the 
image forming optical system 3) is set to generate a neces 
sary light intensity distribution on an upper or target surface 
of a semiconductor ?lm of the processing target substrate 4. 
This image forming optical system 3 may be a refractive 
optical system, or a re?ective optical system, or a refractive/ 
re?ective optical system. 

[0073] The processing target substrate 4 is con?gured by 
forming a loWer layer insulating ?lm, a non-single-crystal 
semiconductor ?lm and an upper layer insulating ?lm in the 
mentioned order on an arbitrary substrate of, e.g., an insu 
lator, a semiconductor, a metal or the like. Speci?cally, the 
processing target substrate 4 is obtained by sequentially 
forming an underlying insulating ?lm, a non-single-crystal 
semiconductor ?lm, e.g., an amorphous silicon ?lm (a-Si 
?lm) and a cap ?lm as an upper layer insulating ?lm on a 
liquid crystal display glass sheet as a substrate by a chemical 
vapor deposition (CVD) method. Each of the underlying 
insulating ?lm and the cap ?lm is an insulating ?lm of, e.g., 
SiO2. The underlying insulating ?lm avoids diffusing and 
mixing of a foreign particle such as Na into the a-Si ?lm 
caused due to direct contact of the a-Si ?lm and the glass 
substrate, and prevents heat of the a-Si ?lm from being 
directly transmitted to the substrate such as a glass substrate. 

[0074] The a-Si ?lm is a semiconductor ?lm to be crys 
tallized. The cap ?lm is heated by a part of a light beam 
Which enters the a-Si ?lm, and stores the heated temperature. 
Although a temperature of a high-temperature portion is 
relatively rapidly reduced on an irradiation target surface of 
the a-Si ?lm When incidence of the light beam is interrupted, 
this thermal storage e?‘ect alleviates this temperature reduc 
ing gradient and facilitates lateral crystal groWth With a large 
particle diameter. The processing target substrate 4 is posi 
tioned and held at a predetermined position on the substrate 
stage 5 by, e.g., a vacuum chuck or an electrostatic chuck. 

[0075] FIG. 3A is a vieW shoWing a con?guration of a 
phase pattern of the light modulation element as one 
example in the crystallization apparatus depicted in FIG. 1, 
and FIG. 3B is a vieW schematically shoWing a light 
intensity distribution formed on the processing target sub 
strate by the crystallization apparatus using the light modu 
lation element depicted in FIG. 3A. The light modulation 
element 1 is constituted of many units aligned in a direction 
X. Each unit (a unit region in a range indicated by 1d) has 
a reference phase region (indicated by a blank portion in the 
?gure) 111 having a reference phase value of 0 degree and 
each rectangular modulation phase region (indicated by a 
















